Abstract. Although the space resources are rather scarce, the research shows that the spectrum efficiency of the current spectrums is very low in China. This article presents an available method to construct TV white space database and an efficient augmented sensing algorithm based on the database. The goal is to sense the spectral distribution at a given location. To verify the proposed method is feasible, we only take a fixed area into account. In this paper, we selected some of the cellular-base-stations in an urban area to construct the database, and we can get the spectral distribution of an arbitrary location in the city. The results show that our database can give a quick response once a request comes, and it can display the accurate spectrum distribution of the area.
Introduction
Due to the continuous expansion of wireless communication services, the radio spectrum resources are extremely scarce. National spectrums are allocated to the broadcasting industry, but some of them are not good used. Because of the good propagation characteristics of the untapped white spectrum resources, recently it has been a research hotspot to study efficient approaches of using these released TV White Spaces. TV White Space refers to TV channels that are not used by any licensed services at a certain location and a particular time due to the digital-switch-over [1] . Specifically, it mainly concludes three aspects: the radio frequency band allocated to television but in fact is not in use、 guard band between adjacent channels and the band freed up from the analog to digital conversion of the broadcasting industry. In order to use these radio resources more efficiently, some unlicensed services will be allowed to use currently unoccupied resources by permissible access. White space devices (WSDs) need to have the knowledge of spectrum occupancy in TV white space before dynamic access. There are three common methods proposed to achieve this, one way is querying the database, the second way is spectrum sensing, the third way is sensing by beacons.
The three methods mentioned above are usually considered as methods to protect the licensed users. For the protection of licensed services like digital terrestrial television (DTT), Federal Communications Commission (FCC) in US states that the geo-location could provide adequate and reliable protection, thus making spectrum sensing not necessary [2] . But geo-location database will face challenges when there are co-existed white space devices in close proximity need to be detected. Then spectrum sensing will be the complementary approach to deal with this kind of problems. But in spectrum sensing technique, physical sensing will also bring many unpredictable errors. As for the sensing beacons approach, this method needs to add the beacon sensing of all the communication technologies, which is very complex and can't be achieved easily. Now, 9 companies has been approved to engage in white space database to provide spectrum sensing services in the United States, they can charge fees, the basic standard is about $0.5 for one terminal every year. In China, applications of white space were carried out late, there are not many unlicensed users occupy the white space. So white space database is appropriate for our situation.
The remainder of this paper is organized as follows. In section II, the system model is introduced. A design of white space database is presented. In section III, formulation results are presented, a boundary judgmental algorithm is presented. Finally, the conclusion is presented in section IV. Figure 1 shows the location probability model for the geo-location database. We consider that there are only 7 base stations in the specific area. To construct the database, their location, altitude, emission frequency and EIRP must be given at least. It is assumed that the reception devices could receive the lowest power from the base stations. Each station has a coverage area, which could be calculated by some kind of propagation models such as Okumura-Hata [3] , ITU [4] , COST231 [5] and so on. In this paper, the Okumura-Hata propagation model is used to calculate the coverage area of the 7 base stations. Okumura-Hata is an experience expression of land mobile radio propagation transmission loss in urban environment. The calculation could be expressed as follows:
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Where f is the emission frequency of the base station, hb is the equivalent height of the base station's antenna, hm is the height above ground of the mobile station's antenna, and d is the distance between the base station and the mobile station.
Besides, ( ) m a h is a correction term which reflects the impact of the mobile station's antenna. and it can be calculated as follows:
Moreover,  is a distance correction factor, which could be used when the distance is less than 100 kilometers. can be expressed as follows [6] : 4 3 0 . 8
1, 20
1 (0.14 1.87 10 1.07 10 )(lg ) , 20 100 20 Figure 2 shows the process of the proposed model, the geo-location database is constructed based on the information of the base stations, then an algorithm is used to judge whether the frequency band is available for the WSDs.
Problem Formulation and Algorithm Research
As aforementioned, a geo-location database is constructed to acquire the status of the frequency band. And the coverage area could be acquired after the calculation. The above problem can be considered as a model construction problem and can be formulated mathematically under the framework of dynamic programming. As is showed in figure 3 , the coverage boundary which is made up by a series of points can be acquired after the formulation. Besides, the points are taken evenly from the boundary line, and suppose that the distance between any two adjacent boundary points is L. There is one problem left, which is how to get the knowledge of the status of the frequency band at an arbitrary location. In this paper, we proposed a novel algorithm to judge whether one point is inside the coverage area.
After the formulation, the coverage area of all the stations has been acquired. If the given location is inside the coverage area, there is no white space for WSDs to use, if not, the WSDs could use the frequency band.
The algorithm is operated as followed:
Find the straight line which contains the base station O and the test point P.
Find the points whose distance to straight line OP is smaller than L.
Find the line segments which are made up of the pairs of the points.
The number of intersections of the line segment OP and the line segments made up of the pairs of the points is odd?
P is outside the coverage area.
P is inside the coverage area. As we can see in figure 5 , O is the base station, P is one of the test points on the map to determine whether it is inside the coverage area. The coverage area is an irregular shape, and there are some loopholes on it because of the high altitudes or some barriers. After constructing straight line OP, we could find pairs of points whose distances to it are smaller than L, which is the distance of two adjacent boundary points. Take test point P for example, AB, CD,EF, HI are four pairs of points whose distance to straight line OP are smaller than L, we could find that the total number of intersections of line segment OP and line segments AB, CD, EF, HI is 1, it is an odd number. Then P is outside the coverage area. Conversely, we could find the total number of intersections of line segment OP' and line segments AB, CD, EF, HI is 0, it is an even number, then P' is inside the coverage area. 
Conclusion and Future Works
With the boundary judgment algorithm, we could judge whether the test point is inside the coverage area, then we could know the frequency status of an arbitrary location. After the formulation, we could get the TV white space database like figure 6 and the frequency status like figure 7. In this paper, we proposed a novel method to construct the white space database and an augmented algorithm to acquire the status of the frequency band. With the scheme we proposed, WSDs can easily find the frequency band they can use and won't influence the licensed users. In the future, we may extend the formulation area to all over the country and the stations information will be filled closer to the real. Then the method will have a better performance and the white space will be used more efficiently.
